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CALCIUM METABOLISM, WITH SPECIAL REFERENCE TO 
EXOPHTHALMIC GOITRE. 

By Caroline Towles, M.D., 

OF BALTIMORE. 

(From the Medical diaic of the Johns Hopkins Hospital, Baltimore.) 


In recent years much attention has been paid to the inorganic 
salts of the body, and many metabolism records of health and dis¬ 
ease include estimations of calcium and magnesium and some of 
sodium and potassium. Besides the consideration of the metabolism 
phenomena, the pharmacological effect of the minerals and the 
mineral content of the tissues has been studied. The result of 
this widespread interest has been the accumulation of a large amount 
of material. No large work has been inaugurated in this field as 
was done by the United States Government in the case of nitrogen, 
and general principles must be deduced from a consideration of all 
the work collected. Calcium occurs in sufficiently large quantities 
to make the necessary error of all metabolism work a small per¬ 
centage of the whole amount, and the process of quantitative estima¬ 
tion is not difficult; hence, the number of calcium records available 
as compared with those of other minerals is large. The special 
problems of metabolism, absorption, equilibrium, etc., are as in¬ 
definite with reference to calcium as uncorrelated results can make 
them. For this reason, and because the results of my own experi¬ 
ments can only be interpreted by a comparison with those of others, 
it seemed necessary to sum up as briefly as possible the work which 
has been done on these points. 

In regard to the degree of absorption there is an insuperable 
difficulty. Voit 1 found, when he fed an animal on a diet containing 
a small amount of calcium, that he obtained more calcium in the 
feces than was contained in the food; he concluded that calcium 
was excreted by the intestinal wall. The import of this finding was 
more fully understood when Rey, 2 having cleared the intestinal 
canal of animals, gave subcutaneous injections of a calcium salt; 
he learned by this method that the amount excreted by the intestinal 
wall might reach over 50 per cent, of the intake, but that the varia¬ 
tion was great. There remains the consideration of the balance 
obtained by deducting from the calcium intake the urinary and 
gross fecal output without reference to the part of this which is 
used in the body processes. This balance has been found to be 
affected by the following conditions: (1) Underfeeding or over¬ 
feeding with reference to the physiological requirement; (2) starva¬ 
tion; and (3) pathological conditions. 


1 Ztschr. f. Biol., 1880. r.vi. 


* Arch. f. exp. Path. u. Phann., 1895, xxxv. 
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The physiological requirement has been estimated variously. 
Bunge 3 thought that 3.3 grams CaO was necessary each day; 
Bertram 4 found himself in equilibrium at 0.38 gram CaO for the 
two days which he followed his metabolism; more recently Renvall 5 
did an experiment on himself covering a period of fifteen days; 
this is the longest and most convincing record of calcium metabolism 
in a normal person. Taking 0.85 to 0.9 gram CaO a day, Renvall 
found that there was a daily variable loss or gain in the hundredths 
of a gram; since he weighed 62 kilograms, this gives 0.014 gram 
CaO per kilo of body weight each day for an adult. 

A large amount of work has been done on underfeeding in animals; 
since rickets and osteomalacia were the most striking examples 
of calcium disturbance in human pathology, it was natural that 
they should be the objective point of experimental work. In 1880 
Voit was able to accomplish what others had tried with vaiying 
success. He reduced the calcium intake of puppies to its lowest 
terms, and found that after a period of from one to four months, 
depending on the size of the breed of dog used, the muscle and 
fat were normal; but the bones were vascular, porous, fractured 
and fissured in places, and the teeth were imperfect. His calcium- 
poor diet contained about 0.05 gram CaO daily, and the normal 
0.7 gram CaO each day. Though he thought he had produced 
rickets experimentally, later work showed that there were important 
differences between the two conditions; but he did show that in 
the growing organism the lack of calcium is felt most by the bones. 
Goitein® found the physiological requirement of a rabbit to be 
0.16 gram CaO per kilo of body weight daily. He concluded from 
the results he obtained when he varied this amount that with a 
calcium-poor diet there was a calcium loss, and with a calcium-rich 
diet there was a calcium retention. The first half of this conclusion 
for rabbits has been sustained for human beings in calcium under¬ 
feeding by the work of von Wendt. 7 He found that a constant loss 
of calcium up to 0.1 to 0.2 gram a day accompanied a diet containing 
0.05 to 0.1 gram daily. Muller 8 and his colleagues found that the 
calcium output of a starving man was greater than the calcium 
content of the drinking water. 

The subject of calcium overfeeding has been approached by the 
following workers: Bertram (1897) took 30 grams of the carbonate; 
he recovered it partly, unchanged in the feces, which showed white 
with the grains of the salt contained. Herxheimer 9 (1897) also 
observed himself, and took the carbonate, 18 grams for five days, 
and 6 grams for the following three days, in the form of a bread 


* Albu, Neuberg, Minerals to fFwechsel. « Ztachr. f. Biol., 1878, xiv. 

4 Skand. Archiv f. Phys., 1904, xvi. • Archiv f. d. gesamt. Phya., 1906. 

7 Skand. Archiv f. Phys., 1905. 

* Ztschr. f. Biol., xx; Virchow's Archiv, 1893, cxxxi. 

* Bed. klin. Woch., 1897, No. 20. 
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that was manufactured for metabolism disorders. He found 
a retention of 15.9 grams CaO in the eight days of the experiment. 
Kaufmann and Mohr 10 (1903) obtained the calcium balance of two 
patients in the hospital who had no demonstrable lesion. Milk 
was given in addition to other things, and the calcium intake in 
one case was 6 grams CaO and in the other 4.4 grams daily. The 
former retained 16 grams in seven days and the latter 20 grams 
CaO in ten days. Renvall (1904), in an experiment on himself, 
used the carbonate in small doses; after the fifteen days of normal 
metabolism record, referred to under the physiological requirement, 
he began with 0.5 gram of the carbonate, and retained steadily 
and continued to do so when he increased the amount to 1 gram. 
He reached equilibrium about seventeen days after he began to 
take the carbonate. Thus, the latter half of Goitein’s conclusion 
is supported by four experiments on human beings; a calcium-rich 
diet (one containing over 2 grams CaO a day) is followed by a 
calcium retention. 

Before passing to the consideration of pathological conditions, 
one other point must be mentioned which seems, in the few cases in 
which it has been tried, to affect the calcium balance. The addi¬ 
tion of sodium chloride in any appreciable amount appears to 
increase the calcium output. This is shown by Marischler’s 11 work 
in nephritis and Moraczewski’s 12 in carcinoma. The former fol¬ 
lowed the metabolism of 7 cases of nephritis for nine days each; 
he divided the whole time into periods of three days each, and gave 
6 grams NaCl daily on the second set of three days. In 5 of the 7 
cases there was an immediate drop in the calcium retention, or 
a small retention was converted into a loss. The latter added 10 
grams NaCl to the diet of a patient having carcinoma; the calcium 
balance became negative, though it had ten positive on the same 
calcium intake before the NaCl administration was begun. He 
obtained a different result in his case of chlorosis, but the NaCl 
period here followed the administration of so many other salts 
that the picture is not clear. The pathological conditions have been 
studied almost entirely from the standpoint of calcium overfeeding, 
not so much intentionally as because this is an accompaniment of 
the milk diet, which is both an easy form of nutrition for metabolism 
work and indicated in many forms of disease. 

Rumpf 13 (1897) obtained the calcium balance of a girl, aged 
nineteen years, who had a stomach ulcer. She was on a milk diet, 
and received 3.3 grams CaO a day; she retained 1.8 grams CaO 
daily. 

Moraczewski 14 (1901) found a constant negative balance in a case 
of diabetes with an intake of 1.6 grams CaO a day in the food. 

w Bert. klin. Woch.. 1903. No. 8. u Archiv f. Verdauunjpik.. 1901. 

” Zeit. f. klin. Med.. 1898. xxxiv. * Bert. klin. Woch.. 1897. No. 13. 

14 Zeit. f. klin. Med., 1897. xxxiii. 
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He changed this to a positive balance by adding 10 grams of the 
phosphate of calcium and bringing the whole intake up to 5.3 g ams 
a day; the withdrawal of the phosphate was immediately followed 
by a loss which was a second time counteracted by administering 
the phosphate, this time in smaller doses; in five days, with an intake 
of 2.3 grams daily, there was a retention of 2.15 grams. 

Ott“ (1901) worked with phthisical subjects, and found a positive 
balance in 7 out of 8 cases. 

Hirsler and von Terray 18 (1905) followed a case of endo-arteritis, 
a male, aged fifty-seven years. They divided a six-day period into 
two of three days each; they gave milk in the first period and added 
bone meal in the second; the patient retained 3.9 grams CaO in 
the first three days and 5.3 grams CaO in the second period. 

King" (1907) followed the metabolism of a case of arthritis de¬ 
formans; the Folin diet was used, and found to contain an average 
of 4.6 grams CaO in a day; in the five days of the experiment there 
was a retention of 9.6 grams CaO. 

A calcium loss was found in diabetes by both Moraczewski and 
Gerhardt and Schlesinger; 18 in the latter work at least there was a 
coincident factor, which occurs in other pathological conditions, 
and has always been found to be accompanied by a calcium loss; 
that is, acidosis. Besides this work of Gerhardt and Schlesinger’s 
there is the record of a case of acidosis of unknown origin obtained 
by Barker and Voegtlin; 1 " in this case there was a high organic acidity, 
and the chief output was through the intestine. Falta and Whitney, 10 
after the extirpation of the pancreas of a dog, found an increase of 
the output of the calcium in the urine. The ammonia was not 
estimated, but the uric acid rose considerably, and a state of acidosis 
seemed likely, due either to the removal of the pancreas or to a 
postoperative acidosis. Some work has been done on the adminis¬ 
tration of acid by the mouth. Rudel" gave dilute hydrochloric 
acid to a child and obtained an increase of the calcium of the urine; 
later, he gave concentrated HC1 to a dog, and found a still greater 
increase of the output of CaO. Gaehtgens 32 observed a dog for nine 
days, and in the second group of three days gave sulphuric acid; 
the ammonia rose to three times its former value, and the urinaiy 
calcium was increased. He quotes Kurtz as having given sulphuric 
acid and having a general increase in the output of the salts; potas¬ 
sium was the one most affected, but calcium, magnesium, and sodium 
were all increased. The ratio of the urinary and fecal output of 
calcium has always been of interest, though it is of limited significance 

" Deutach. Archiv f. Idin. Med., Ixx, and Zeit. f. klin. Med., 1. 

18 Zeit. f. Idin. Med., 1905, lviL 

17 Johns Hopkins Hosp. Bull., June-July, 1907. 

18 Arch. f. exp. Path. u. Phann., xlii. 18 Johns Hopkins Hosp. Bull., June-July, 1907. 

80 Beitr. *. chem. Phys. u. Path., 1908. 

a Arch. f. exp. Path. u. Phann., 1894, imij. 

a Zeit. f. phys. Chem., 1880. 
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as an indication of the degree of absorption. By arranging the 
results of the metabolism work in the form of a table, we see that 
on an intake of 4 to 6 grams CaO daily the fecal output ranges 
beteeen 85 per cent, and 95 per cent, of the whole output; the excep¬ 
tions to this are King’s case of arthritis and one of the cases of chlo¬ 
rosis in which it was 70 per cent. Renvall showed a high urinary 
output up to the time he began to take the carbonate; in the first 
two periods 60 per cent, and 64 per cent, were excreted through 
the kidneys. In Gerhardt’s case of diabetes, in the period in which 
the acidosis was not combated by the alkali, the urinary output 
of calcium rose to 73 per cent, of the whole output. There is a 
certain amount of agreement between the cases on an intake of 
1 to 2 grams CaO daily; many of them have approximately 60 per 
cent, of the output fecal and 40 per cent, urinary. This is, however, 
by no means universal; all the carcinomas and several of the chlo¬ 
rotic cases differ from it very markedly. 


Table I. 


Author. 

Daily intake 
in grama 

CaO. 

Urinary per cent. | 

Fecal per cent. j 

Author. 

Daily intake 
in grams 

CaO. 

Urinary per cent.} 

= 

8 

& 

"3 

Von Wendt 

Normnl, 0.05 

10.0 

90.0 

Mnyer 

Phthisis, 1.5 

40 

60 


“ 0.2 

21.C 

79.0 

“ 

" 2.0 

37 

63 

Ben vail 

" 0.85 

00.9 

39.1 

Mornczcwski 

Carcinoma 

10 gms. Ca,(P0 4 ) 

11 

89 

“ 

•* 0.9 

64.3 

35.7 

“ 

Carcinoma, 1.3 

12 

87 

" 

0.9 

29.1 

70.9 

** 

" 1.3 

6 

94 


0.9 

30.1 

03.9 

“ 

" 1.3 

9 

91 


" 0.9 

25.-1 

74.0 

*• 

** 1.3 

12 

88 

Hcrxhoimer 

" 11.0 

7.5 

92.0 

*• 

“ 2.9 

5 

95 


3.7 

12.4 

87.0 

•• 

“ 0.9 

71 

29 

Knufmnnn and Mohr 

“ 6.0 

8.0 

92.0 


Chlorosis, 

+10 gms. Ca,(P0 4 ) 

29 

71 


** 4.5 

8.0 

92.0 


Chlorosis, 

+10 gms. Ca 4 (P0 4 ) 

11 

89 

King 

Arthritis, 4.5 

30.5 

09.5 


Chlorosis, 0.9 

20 

80 

Barker and Voegtlin 

Acidosis 

14.3 

85.7 

“ 

" 1.3 

40 

60 

Gerhardt and Scldesinger 

Diabetes, 0.8 

38.0 

62.0 

•• 

“ 0.9 

40 

60 


" 0.8 

73.0 

26.0 


“ 0.9 

40 

60 

“ '* 

“ 0.8 

55. C 

45.0 

•• 

** 1.4 

9 

91 

Hirsler nnd v. Terray 

Arteriosclerosis, 5.8 

6.9 

93.1 

" 

'* 1.4 

39 

61 


“ 7.2 

7.4 

92.0 

•• 

*• 0.9 

9 

91 

Ott 

Phthisis, 4.4 

5.0 

95.0 

•• 

“ 1.4 

4 

96 


" G.l 

13.0 

87.0 

•• 

“ 1.4 

9 

91 


“ 0.0 

0.0 

94.0 

** 

" 1.4 

19 

81 


" 4.5 

7.0 

93.0 

Towles 

Hysteria, 0.3 

40 

60 


" 4.5 

6.0 

94.0 

“ 

“ 1.2 

36 

64 


“ 2.3 

7.0 

93.0 

“ 

•* 1.2 

39 

61 


*• 4.0 

7.0 

93.0 

** 

“ 1.2 

28 

72 


** 2.4 

6.0 

94.0 

** 

Exophthalmos. 3.8 

16 

84 

Mayer 

M 1.5 

40.0 

00.0 


" 3.8 

lojoo 
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Table I shows the great variation in the ratio of the urinaiy 
and fecal calcium output in normal as well as pathological condi¬ 
tions. 

A most important contribution to our knowledge of the course 
of events in calcium metabolism when a sudden and severe drain 
is made upon the calcium of the body was made by McCallum and 
Voegtlin 33 in their article on the “Extirpation of the Parathyroid.” 
They found that after this operation dogs developed symptoms of 
tetany which disappeared when calcium was administered; analyses 
of the tissues showed that there was a decrease of the calcium con¬ 
tent of the soft parts and the blood. Since the bones were not obvi¬ 
ously affected the condition was one in which their calcium was not 
available, probably because the whole process was too acute. 

This consideration of the literature allows the following conclu¬ 
sions to be drawn as far as one may conclude anything from records 
which cover so short a period as many of those quoted do. Absorp¬ 
tion is an unapproachable problem. The physiological requirement 
is about 0.014 gram CaO per kilo daily for an adult. Underfeeding 
of calcium is followed by a calcium loss. A diet rich in calcium 
is followed by a calcium retenion. Acidosis is accompanied by a 
calcium loss. J 

Since the thyroid gland is so closely associated with metabolism 
phenomena and cases of exophthalmic goitre were easily obtain¬ 
able, it seemed advisable to investigate the calcium balance in this 
condition. The literature of the metabolism of Basedow’s disease 
is given fully in von Noorden’s text-book; a considerable number 
of cases have been followed for the nitrogen metabolism, and the 
results have been identical; namely, that in most though not all 
of the cases there is a loss of nitrogen in the later and more severe 
stages of the disease. No change was found in the chlorides and the . 
phosphates were inconstant, and in no cases had the calcium been 
determined. 

Three weeks was decided upon as the longest time feasible for 
following the metabolism of a hospital patient; as it was impossible 
to keep a person on the same diet.daily for that length of time, a rotat¬ 
ing diet was devised, which contained the same amount of calcium 
daily, and also as little as possible, that the effect of the calcium 
salt administered might be evident. The diet consisted of 30 grams 
of oatmeal weighed raw, 150 grams of bread, 90 grams of butter, 

3 grams of salt, 50 grams of sugar, 50 grams of cream, one cup of 
coffee, 1500 c.c. of water daily; 150 grams of beef, 150 grams of 
potatoes, 100 grams of spinach; or 150 grams of lamb, 150 grams of 
rice, 100 grams of peas; or 200 grams of chicken, 150 grams of pota¬ 
toes, 100 grams of cauliflower on successive davs, and repeated in 
regular order through the weeks of the work. 


a Jour. Exper. Med., 1909. 
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At the end of the day, when the residues were weighed out, one- 
half the quantity actually consumed was weighed for analysis, 
put through a grinder into an evaporating dish, together with the 
washings of the grinder itself, and evaporated to dryness on a steam 
oven and dried at 110° for thirty-six hours, weighed and powdered. 
The mixture contained six articles daily; the butter was analyzed 
separately. The same diet was used in both cases. A preliminary 
period of four days in which no calcium was given preceded the 
administration of the calcium, which was given in the form of the 
lactate, and in this first case in doses of 5 grams daily, in capsules. 
The feces were marked off at the end of four, six, five, and four days, 
with decalcified charcoal, for the purpose of separating the pre¬ 
liminary period from the rest of the time, and of obtaining the balance 
at intervals through the calcium taking time. The urine was col¬ 
lected from 7 a.m. to 7 a.m., and all estimations were made on the 
same day that the material was sent to the laboratory. 

The first patient was aged thirty-one years, single, occupied a 
separate room, and was attended by a special nurse. Physical 
examination revealed no abnormality, and her difficulty in walking 
for which she entered the hospital was diagnosticated by Prof. 
Barker as hysterical, and this was subsequently confirmed by her 
recovery. Unfortunately she was very constipated, and a plain 
water enema was given daily; in addition to this a purgative was 
given once during each period (2 drams of castor oil). Her weight, 
one hundred and forty-eight pounds, was the same at the end as 
at the beginning of the experiment. Table II shows the food 
nitrogen and calcium and the urine and feces; also the total 
acidity, the phosphates, and the ammonia of the urine. The 
nitrogen was estimated by the method of Kjeldahl, the ammonia 
by the Folin method, the phosphates by titration with uranium 
acetate, the total acidity by titration with one-tenth normal NaOH 
solution with phenolphthalein as an indicator, the calcium was 
brought down in a solution of acetic acid as the oxalate and titrated 
as calcium with potassium permanganate. 

An accident to the tray on which the patient’s meals were served, 
on the ninth day of the experiment, makes the intake of that day 
a little uncertain; but the calcium of the food was so small a part of 
the whole amount that no great error could have occurred. The 
preliminary period showed a loss of calcium, the first and second 
periods of the calcium-taking time a slight retention; the urinary 
calcium was of a higher daily average than the calcium of the food; 
in the last period there was a slight loss. The patient had been 
in the hospital three weeks, and had taken considerable milk in 
that time, so that the observation follows a period of calcium-rich 
diet. 



Table II. 
Food. 


TOWLES: CALCIUM METABOLISM 


107 



Total nitrogen, +27.2702. Total calcium, +1.000 (in calcium-taking period). Total calcium, —1.7315 (in whole time). 
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The second patient was aged thirty-five years, and weighed 
106 pounds; she had a marked case of exophthalmic goitre; there 
was a large tumor of the thyroid, a pulse rate of 130 to the minute 
when she entered the hospital, a fine tremor of the fingers, and 
considerable exophthalmos; there was little sweating; the heart, 
lungs, and abdomen showed no abnormality; the urine was negative, 
and the temperature was normal. This patient had also been in 
the hospital for some time, and had had milk daily. She was given 
the same diet as the first patient and 20 grams of calcium lactate 
daily in water flavored with lemon juice. Her pulse rate was 100 
to the minute when the work was begun, and no change took place 
in this; in general, her condition appeared the same; the patient her¬ 
self thought she was the same, except that an unpleasant sense of 
constriction had disappeared from about the throat. On the third 
day of the second period, the first of the calcium taking, the stools 
of this patient became very green, and remained so through the 
whole of the time; but were normal as soon as the calcium was 
stopped. When the time was about half over we learned that the 
patient was pregnant, in the first weeks. On the two days indicated 
by a plus sign the urine was partly lost into the feces, so that, though 
the whole balance is accurate, the ratio of the urinary and fecal output 
is lost. Subsequently the patient was operated on by Dr. Halsted 
and made an uninterrupted recovery, and left the hospital much 
improved. In this case (Table III) the nitrogen balance was positive 
in the first period by 5.3 grams, in the second period there was a 
loss of 4.8 grams, and in the third a loss of 11.4 grams, followed by 
a retention of 3.4 grams; in the whole time a loss of 7 grams and 
one pound in weight; the patient was hungry most of the time, 
which she said was usual with her in the early stages of pregnancy! 
The calcium balance was negative in the first period and showed 
a retention in the second of 3.7 grams CaO, followed by a loss 
of 6.6 grams and in the last period a loss of 0.45 gram CaO; there 
was a total loss of 5.4 grams CaO. That such a loss of calcium 
is not an inseparable accompaniment of Basedow’s disease is shown 
by the calcium balance of a patient who suffered with a severe 
case of exophthalmic goitre; she was aged forty years, and was kept 
on a diet of 1 liter of milk, 150 grams of beef, and 50 grams of bread; 
there was a retention of nitrogen; the urinary- calcium was low, 
probably because of a renal insufficiency; the observation lasted 
eight days; the ammonia and total acidity were normal: 

CaO intake. Urine. Feces. Total output. Balance. 

24.48 grams 1.0437 17.5 18.54 +7.94 

In this case there was a retention of nearly 1 gram a day on a less 
intake of CaO in the form of milk. 

Shown graphically, the nitrogen and calcium curves in the case 
in which the calcium lactate was used is as in Charts I and II. 
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Total nitrogen, —7.6055. Total calcium CaO, —3.2008 (calcium-taking period). Total calcium CuO, —5.4504 (whole time). 
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From [eft to right one square represents a day. The base line 
is equilibrium. In the nitrogen it is about 11 grams; in the eal- 
cium, in the preliminary period, it is 0.22 gram and the rest of the 
time 3.8 grams CaO; in both substances each square above or 
below the base line is 1 gram. Evidently the second and third 



Chart I. Illustrating the nitrogen balance in Case II. 


CALCIUM BALANCE 



Chart II.—Illustrating the calcium balance in Case II. 


periods are coincident with such a wave of metabolism activity as 
others have observed in this disease, or the loss may be associated 
with the pregnancy. 

Whatever may be the cause of the stimulation of the me fahr,!;^ 
the parallelism of the nitrogen and the calcium is apparent. The 
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loss of the latter substance in the preliminary period is due to the 
extremely small intake, the usual picture of underfeeding, and that 
the retention is much smaller than it would be in a normal indi¬ 
vidual in nitrogen equilibrium I have no doubt; unfortunately 
both attempts to establish this point were unavailing, since there were 
losses in the collections that stopped the work. The influence 
of the amount of calcium taken and the form in which it is ingested 
upon the retention of calcium and the relation of the nitrogen balance 
to this may be seen by arranging the results of the work done on 
calcium overfeeding in the form of a table (Table IV): 


Table IV. 


Author. 

Subject. 

Form. 

Amount. 

Groms. 

Daily 

Reten¬ 

tion 

in 

grams. 

Retention. 
Per cent. 

g » 

I i 
J& 

55 “ 

No. of days. 

Herxhcimer 

Himself 

CsCOj 

8.0 CaO, 

1.9 

23 

4.3 

8 

Kaufmann 

Normal 

Milk 

6.0 ** 

2.2 

38 

34.2 

7 


“ 


4.5 “ 

2.0 

47 

56.6 

10 

Rumpf 

Ulc. vent. 


3.3 “ 

1.8 

56 



King 

Arthritis 

Folin 

4.5 “ 

1.9 

41 

5.8 

5 

Hirsler 

Arteriosclerosis 

Milk 

6.5 Ca 

1.5 

23 

14.4 

6 

Moraczewski 

Diabetes 

Col. phos. 

5.3 

1.8 

33 

2.39 

7 




2.3 “ 

0.4 

10 

—18.9 

5 


Chlorosis 

.. •• 

5.0 " 

3.9 

78 

42.3 

5 

" 

14 

“ “ 

5.3 " 

4.1 

75 

24.1 

5 


Core. vent. 

** " 

4.3 ** 

3.1 

74 

4.3 

11 

Ott 

Phthisis 

Milk 

4.4 ** 

0.6 

14 

0.05 

4 




6.1 " 

0.7 

11 

—2.39 

4 




6.0 “ 

0.1 

3 

—2.63 

4 


“ 

“ 

4.5 “ 

0.5 

11 

—3.36 

4 


“ 


4.5 “ 

0.1 

4 

—0.08 

4 


“ 


2.3 “ 

0.1 

5 

10.0 

8 




4.0 “ 

0.2 

7 

—2.97 

3 




2.4 “ 



0.08 

6 


The variety of conditions observed and the different amounts and 
forms of administration used allow but few conclusions to be drawn 
from this table. It is interesting to note the constancy of the 
daily retention on an intake of 4 to 6 grams of CaO daily in 
the form of milk; the agreement of the normal and pathological 
subjects of observation except diabetes and phthisis; the greater 
retention of the phosphate; and the parallelism of the nitrogen and 
calcium balances. It is evident that a loss of calcium may be 
prevented by a sufficient intake even when there is a large negative 
balance of nitrogen; this is seen in the second period of the adminis¬ 
tration of the phosphate in the case of diabetes and in the series 
of phthisical subjects. That this narrow margin of a positive 
balance is attained at the price of a considerable diminution of a 
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possible retention is seen by a comparison with the retention in those 
cases on the same intake which have a positive nitrogen balance. 
Recently, Mayer 24 has shown that a positive calcium balance occurred 
without exception in a series of phthisical subjects on an intake of 1.5 
to 2 grams CaO in a day when there was a positive nitrogen balance. 
Von Wendt showed in a physiological case that with a sufficient 
though moderate nitrogen intake there was a retention of nitrogen 
together with a loss of calcium with a calcium underfeeding; also 
that there was a calcium retention on a moderate intake associated 
with a nitrogen loss due to nitrogen underfeeding. Renvall had 
an enormous loss of nitrogen through the whole time of his experi¬ 
ment, and was in calcium equilibrium at an intake of 0.9 gram and 
retained calcium when he made the small additions of the carbonate. 
He attributed the loss of nitrogen to the diet he was using, and noted 
that the fecal nitrogen was unduly high, a condition of underfeeding 
practically. Thus, we see that while the nitrogen and calcium 
balances may rise and fall together in a general way, it is a phenomenon 
of disease rather than of health, and has been found to occur in 
phthisis, diabetes, and exophthalmic goitre; though even here the 
calcium balance may be made to be positive with a sufficient intake, 
though not without evidence of the tendency to loss. 

In regard to the cases recorded here, the first experiment shows 
that the lactate is an easily absorbable salt, as the urinary output 
is higher than the calcium content of the food. The case of exoph¬ 
thalmos shows a retention of only 15 per cent, of the intake in the 
first period of the administration of the lactate as compared with 
3S per cent, and 40 per cent, retentions in other cases in which milk 
was used containing approximately the same amount of calcium 
in terms of CaO, and in which there was also a retention of nitrogen. 
In the next period, with the loss of 11 grams of nitrogen, there was 
a loss of G.6 grams of CaO, while in the case of diabetes there was 
a slight positive balance, though the intake was 2.3 grams of CaO 
only and the nitrogen loss was 18 grams. What part of this wide 
difference is due to the pathological conditions and what to the salts 
used must be determined by further work. 

Conclusions. Calcium given in the form of the lactate enters 
into the general metabolism or allows the calcium already present 
in the body to be utilized without loss. Given by the mouth there 
is no toxic effect from the administration of 20 grams of calcium 
lactate over a period of fifteen days. 

The calcium metabolism of Basedow’s disease shows no special 
peculiarity; it runs parallel with the nitrogen, and in those periods 
of the disease in which there is a loss of nitrogen there is also a 
loss of calcium—a parallelism which is found in other pathological 
conditions. 


** Deut. Archiv f. klin. Med., 1907. 



RANDALL: HEREDITY A CAUSE OF AURAL DISEASE 113 

My thanks are due to Prof. Barker for permission to work in his 
laboratory and with his patients; to Dr. Voegtlin for the preliminary 
instruction which made it possible ultimately to undertake this 
work and his interest and advice throughout; to the nurses in charge 
of the patients, the Misses Richardson, French, and Allen, and to 
Miss Wilder, of the diet school, through the long and trying period of 
the weighing. 


HOW FAR IS HEREDITY A CAUSE OF AURAL DISEASE? 

By B. Alex. Randall, M.A., M.D., 

CLINICAL PROFESSOR OF OTOLOQY IN THE UNIVERSITY OF PENNSYLVANIA, PHILADELPHIA. 

Some five years ago I presented to the Section on Otology of the 
College of Physicians, but did not publish, a brief note combating 
the claims made by some authors as to hereditary influences in the 
causation of ear disease. The subject has considerable practical 
importance, since we do not wish to waste time upon cases which 
are foredoomed to afford no success; but also because many people, 
under an erroneous impression that they are victims of inherited 
deafness, fail to seek relief at the hands of the surgeon while it 
is still possible to obtain it. The cure of the chronic catarrhal 
forms of deafness, not to speak of so-called “otosclerosis,” is hard 
enough at best, and discouragement is all too easy without bring¬ 
ing in imaginary heredity to darken the prospect; yet the claimed 
bearing of inheritance often seems so far-fetched, if not preposter¬ 
ous, that I again offer a word in opposition. 

Just as before I cited two cases of penetration of the drumhead 
by a twig, and jestingly asked what but heredity had produced this 
rare accident in cousins, so now it is the close parallelism of con¬ 
ditions in father and son which serves as a text for my remarks. 
A clergyman came to me nine years ago with Shrapnell perforation 
and cholesteatoma on the right side and marked defect of hearing 
from catarrhal deafness on the left. These have yielded none 
too perfectly to treatment, so that he is still under periodic care, 
with some tendency to brief recurrence of suppuration in his right 
antrum, where skin masses collect at intervals until perhaps there 
is new polyp growth as Nature’s protest and effort to expel the 
collection. Most of the time he is so free from trouble as to be 
prone to neglect the needed care, while his hearing remains about 
double what it was on coming, although still imperfect in each ear. 

Recently he brought his father because of decrease in hearing, 
and I found large cholesteatomatous masses protruding from 
his right antrum and attic, removal of which showed a virtual 
tympanic exenteration spontaneously done, differing from the 



